Abstract: Several recent studies have explored efficacy and safety of different endoscopic treatments for gastrointestinal neuroendocrine tumors (GI-NETs). However, there is no definitive consensus regarding the best endoscopic approach for GI-NETs treatment. Therefore, the present study was conducted to investigate the application of various endoscopic techniques for the treatment of GI-NETs according to the previous conclusions and to summarize the optimal endoscopic modalities for GI-NETs.
INTRODUCTION
N euroendocrine tumors are relatively rare low-grade malignant tumor that are thought to originate from amine precursor uptake and the decarboxylation cells of the neuroectoderm. 1 Various organs and systems with neuroendocrine cells, such as digestive, respiratory, urinary, and reproductive systems, can be affected by neuroendocrine tumors. However, more than 75% of these tumors arise in the gastrointestinal (GI) tract, with an annual incidence of 2.5 to 5.0 per 100,000 people. [1] [2] [3] [4] Unfortunately, the incidence and prevalence of GI neuroendocrine tumors (GI-NETs) are increasing rapidly worldwide, possibly as a result of the technical improvements in endoscopy and the increased endoscopic screening for GI carcinomas. 5, 6 Most of early-stage GI-NETs, which rarely cause symptoms, are found incidentally during endoscopic screening and can be treated by endoscopic therapies. 1 General indications for endoscopic resection are the NETs that are less than 10 mm in diameter without muscular layer invasion and peripheral lymph node metastasis. 7 Various endoscopic therapies for GI-NETs have been reported. [8] [9] [10] [11] Snare polypectomy and endoscopic mucosal resection (EMR) are low cost, technically easy, and relatively safe. However, their complete resection rates are relatively low because even some 10 mm GI-NETs may extend to the submucosal layer. [12] [13] [14] Therefore, endoscopic submucosal dissection (ESD), which can remove deep regions of the submucosa reliably, is a good option for the GI-NETs. 8, 15 However, this technique has a complex operating procedure, a high risk of perforation, and is time consuming. 16 Recently, several studies have explored the efficacy and safety of different endoscopic treatments for GI-NETs. 14, 17, 18 However, no consensus was reached considering the best endoscopic approach. Therefore, the present study was conducted to investigate the application of various endoscopic techniques for the treatment of GI-NETs, according to the previous conclusions, and to summarize the optimal endoscopic modality.
MATERIALS AND METHODS

Patients
The ethical committee of Ren Ji Hospital approved this study. From January 2006 to August 2014, 102 consecutive patients with GI-NETs who underwent endoscopic therapies at Ren Ji Hospital, School of Medicine, Shanghai Jiao Tong University were reviewed retrospectively. The diagnosis of GI-NETs was based on pathology, combining clinical, imaging, and endoscopic findings. The Ki67 index was used to grade the tumors. The inclusion criteria for endoscopic treatment were defined as GI-NETs up to 14 mm without lymphovascular or muscular layer invasion, or ulcers. The size of each lesion, depth of invasion, and complete resection were determined using pathological evaluation of resection specimens. Clinical data regarding age, gender, location of the lesion, tumor size, clinical manifestations, endoscopic appearance, depth of invasion, use of endoscopic ultrasound (EUS), complete resection, complication, additional treatment, and recurrence were extracted and collected from the medical records or from follow-up. The pathological complete resection rate (PCRR), which was affected by the possible factors of gender, endoscopic modalities, tumor size, endoscopic appearance, depth of invasion, and use of EUS, was analyzed. The patients were divided into 3 groups according to the different endoscopic resection modalities: the conventional polypectomy group (including cold biopsy forceps polypectomy and snare polypectomy with electrocauterization), the EMR group, and the ESD group.
Equipment
A single-channel gastroscope (GIF-H260, Olympus, Tokyo, Japan) and a single-channel colonoscope (CF-H260AL, Olympus, Tokyo, Japan) were used for the procedures of routine examination; a high-frequency generator (ICC-200, ERBE), snare (SD-230U-20, Olympus), and argon plasma coagulation unit (APC300, ERBE) were used for endoscopic resection.
Endoscopic Procedures
ESD was performed with a conventional single-channel endoscope as follows: marking dots were placed surrounding the lesion; a submucosal saline solution mixed with epinephrine and indigo carmine injection was performed beneath the lesion to elevate it; the incision was started outside the marking dots using a Flex-knife; the lesion was gradually dissected from the surrounding non-neoplastic mucosa and submucosal connective tissue from the margin to the center and then the resected specimen was retrieved with grasping forceps; and argon plasma coagulation (APC) cauterization was performed to protect the wound after resection.
The EMR procedure was carried out as follows: saline solution was injected beneath the tumor to elevate it away from the muscular layer and the lifting sign was observed; the lifted lesion was snared and resected using a blended electrosurgical current, and the resected specimen was retrieved with grasping forceps; and APC cauterization was performed to protect the wound when oozing of blood was observed from the wound surface after a snare resection.
Snare polypectomy with electrocauterization was carried out similarly to EMR, except that submucosal saline solution injection was implemented before a snare resection.
For cold biopsy forceps polypectomy, gastric biopsy forceps (FB-25KR-1, Olympus, Tokyo, Japan) or colonic biopsy forceps (FB-24UR-1, Olympus, Tokyo, Japan) were used to repeatedly clamp the polypoid tissue until no polyp was visible.
Data Analysis
Continuous variables were expressed as the mean AE standard deviations (SD) and percentage. The comparisons for continuous variables of the 2 or 3 treatment groups were performed using Student t test and one-way ANOVA. Chisquared or Fisher exact test was used to compare categorical variables. The SPSS 15.0.1 statistical software package for Windows was used to perform the statistical analyses. A Pvalue <0.05 was considered statistically significant.
RESULTS
Characteristics of Patients and Tumors
Among 102 patients, 4 were excluded because 1 had a lesion greater than the upper limit; 1 underwent additional ESD for remnants after primary endoscopic treatment in another hospital; 1 had lymphovascular invasion in the resection specimen; and 1 had no pathological report after treatment. Of the remaining 98 patients, 22 were treated by conventional polypectomy (including 6 cold biopsy forceps polypectomy and 16 snare polypectomy with electrocauterization), 41 by EMR, and 35 by ESD. One patient in the ESD group had 3 rectal lesions. All the ki67 indices were <5% according to the WHO 2010 classification. 19 No tumors involved the lateral resection margins. The average age of the patients was 52.2 AE 11.6 years and the male:female ratio was 45:53. The mean size of the tumors was 6.5 AE 2.6 mm. The majority of tumors were located in the rectum (90.0%), and the remaining were gastric tumors (9.0%) and duodenal tumors (1.0%). Almost half of the cases (46.9%) were incidental findings during screening or examinations indicated for other diseases. Table 1 shows the baseline characteristics of the tumors and patients.
Characteristics and Clinical Outcomes According to Endoscopic Modalities
The characteristics and clinical outcomes of the 3 groups are presented in Table 2 . According to the pathological reports, 17 tumors were limited to the mucosa. There were significantly more NETs that were confined to the mucosa in the conventional polypectomy group than in the EMR and ESD groups (54.5% vs 2.4% and 10.8%, P < 0.001 and P ¼ 0.001). Of the 18 patients with suspected remnants, 10 were treated by EMR, 3 by conventional polypectomy, and 5 by ESD. The PCRRs of the conventional polypectomy, EMR, and ESD groups were 86.4%, 75.6%, and 85.7%, respectively. In the conventional polypectomy group, 16 polypoid-like GI-NETs, with a mean tumor size of 5.2 mm, were removed by snare polypectomy (PCRR 93.8%). The tumor size was significantly smaller in the conventional polypectomy group than in the EMR and ESD groups (4.8 AE 2.3 vs 6.7 AE 2.4 and 7.4 AE 2.6, P ¼ 0.004 and P < 0.001).
Submucosal tumors (SMT) were encountered in 33 and 34 patients in the EMR and ESD groups, respectively, but none in the conventional polypectomy group (80.5% and 91.9% vs 0.0%, P < 0.001 and P < 0.001). The use of EUS before resection in the EMR and ESD groups was significantly higher than that in the conventional polypectomy group (56.1% and 42.9% vs 0.0%, P < 0.001 and P < 0.001). There was 1 bleeding event in the EMR group and 1 in the ESD group. The 2 cases were successfully managed by endoscopic treatment. No perforation was found in the 3 groups. There were no significantly statistical differences in age, gender, tumor location, and complication rate among the 3 groups. Univariate analysis suggested that PCRR was only associated with depth of invasion, but not modality, use of EUS, tumor size, and endoscopic appearance (Table 3) .
Follow-Up and Additional Treatment
Of the 98 patients, 89 were followed up for 26.6 AE 19.1 months, 8 were lost and 1 died from heart failure. Among the 18 patients with suspected incomplete resection, 4 patients (Table 4) .
DISCUSSION
To date, various endoscopic modalities, such as snare polypectomy, EMR, and ESD, have been reported as safe and effective modalities to treat GI-NETs. In addition, assessment of efficacy of these treatments is mainly dependent on the PCRR. Therefore, endoscopists consider ESD as the best because of its highest PCRR. However, in our medical center, not only ESD, but also EMR and snare polypectomy were used to remove GI-NETs.
Conventional polypectomy is a safe and simple procedure to resect GI-NETs. Martínez-Ares et al 20 reported that conventional snare polypectomy could achieve 100% (13/13) complete resection in tumors that were less than 10 mm without invasion to the muscularis propria. However, it is generally recognized that about 75% of GI-NETs infiltrate into submucosa, 21 and conventional polypectomy has difficulty achieving pathological complete resection in those tumors. The PCRR of conventional polypectomy ranges from 20.0% to 100% with an average of 60.0%, 10, 14, 20, [22] [23] [24] which is lower than the 86.4% (19/22) noted in our study. Six GI-NETs were unconsciously removed by cold biopsy forceps polypectomy, and we confirmed that it was inadequate because of the high risk of remnant tumors. 13 Sixteen GI-NETs were removed by snare polypectomy with electrocauterization, with a PCRR of 93.8% and no local or distant recurrences during follow-up. Several reasons might explain the high PCRR of snare polypectomy. First, snare polypectomy was applied more frequently for smaller sized tumors (5.2 mm) with a polypoid appearance that were more likely to be confined to the mucosa. The 2nd reason is that electrosurgical devices, such as APC, damage larger fields during treatment. 25 As some studies have reported, it seems feasible to accept snare polypectomy as an available treatment for some specific forms of tumors, such as diminutive ( 5 mm), polypoid-like GI-NETs. 20, 26 Compared with conventional polypectomy, EMR theoretically enables the resection of sufficient lateral margins for GI-NETs. However, for the most of the GI-NETs that infiltrate into the deep submucosa, EMR also cannot achieve a high pathological complete resection. The complete resection rate of EMR varies from 52.2% to 84.6% in the reports, 27, 28 and the PCRR in our study was 75.6% (31/41) in the EMR group, which was consistent with the previous reports. To improve the PCRR, various modified EMRs have been developed, including endoscopic submucosal resection with a ligation device, 17 EMR with a ligation device, 29 EMR using a transparent cap, 23 EMR using a band-ligation device, 8 and EMR using a dualchannel endoscope. 30 All of these methods were designed to provide a deeper vertical resection margin. However, modified EMR includes many different techniques and the numbers of patients in those studies were small and the follow-up periods were limited.
ESD provides a larger lateral and deeper vertical resection margin compared with EMR. In recent years, ESD has been considered as a standard treatment for early gastric carcinomas in many countries, especially in Japan. 16 In a meta-analysis comparing the efficacy of ESD and EMR for the treatment of rectal NETs, ESD was more effective, with a significantly higher complete resection rate. Moreover, there was no significant difference in complications between the 2 groups. 27 In our study, the baseline of patients and indications for resection of tumors were not significantly different between the EMR and ESD groups. The PCRR of the ESD group was 85.7% (30/35), which was consistent with the 77.8% to 100% reported in the previous studies. 27, 28 However, ESD has a higher reported risk of complications compared with EMR in the report. 16 In our study, there were no significant differences in complication rates between the 2 groups. The complication rate for ESD was 2.9% (1/35), which was similar to that (3.3%) of a previous report on rectal NETs. 27 ESD needs a high level of experience and expertise to provide a deep enough resection to achieve complete resection, as well as to achieve a low complication rate. In addition, this method is also associated with disadvantages of a complex operating procedure, dependence on specialized equipment, and instruments, as well as being time consuming. 27 Although tumor size and PCRR were not significant different between EMR and ESD groups in our study, we preferred ESD for the resection of submucosal GI-NETs, since ESD had a higher PCRR of bigger tumors than EMR.
Our study showed that the depth of invasion was the only factor associated with the PCRR. Tumors limited to the mucosa could be easily resected by endoscopic treatments, including snare polypectomy with electrocauterization, EMR, and ESD, and snare polypectomy was reasonable as the simplest procedure. Son et al 12 reported that the method was the only factor associated with the PCRR of small rectal NETs, and the PCRR of ESD (72.3%) or surgical local excision (81.8%) was much higher than that of polypectomy (18.5%) and strip biopsy (42.9%). In our study, because conventional polypectomy was applied more frequently in the smaller and polypoid-like tumors with higher possibility of mucosal involvement, the PCRR of conventional polypectomy was higher than that reported by Son et al.
In the present study, 4 of 18 patients with suspected incomplete resection undertook additional treatments, including 2 in the conventional polypectomy group, 1 in the EMR group, and 1 in the ESD group. After additional treatments, all resection specimens showed negative resection margins. There were no relapses in the remaining 14 patients who did not undergo any additional treatment during follow-up. This may be explained by the electrocauterization effect, which generates high heat during the procedure to kill the remnant tumor cells. 25 However, because of the slow-growing characteristics of NETs and limited follow-up period, we could not exclude the possibility of recurrence or metastasis during long-term follow-up. Therefore, further careful follow-up is required in these patients.
Several limitations in our study deserve discussion. The 1st limitation was that a retrospective study might be associated with selection bias. Although there were some differences on baseline characteristics among the 3 groups, the results, such as PCRRs, were consistent with previous reports, which suggested that there was a low possibility of selection bias. Second, the follow-up period was too limited, such that local relapses and metastasis could not been evaluated adequately. However, as the main indicator for the efficacy of endoscopic treatment, PCRR was fully assessed. Furthermore, the number of patients in each group was relatively small. But GI-NET was a rare disease, and the present number of patients was considered to be appropriate.
In conclusion, endoscopic resection of GI-NETs is safe and effective in properly selected patients. For submucosal GINETs, ESD was a feasible modality with a higher PCRR compared with EMR. For diminutive, polypoid-like NETs, snare polypectomy with electrocauterization was reasonable, being simple and providing a high PCRR. 
